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ABSTRACT 

To advance nuclear plant simulator training, the industry 
must focus on a more detailed and theoretical approach to conduct of this 
training. The use of semiotics is one method of refining the existing 
training and examining ways to diversify and blend it with new theoretical 
methods. Semiotics is the study of signs and how humans interpret them. In 
instructor semiotic analysis, the two most critical areas to be examined are 
non-verbal feedback and verbal signs. Instructors must attempt to eliminate 
any non-verbal feedback, since at the moment of execution in the plant, that 
feedback will not be present. They must choose verbal signs carefully and 
characterize behavior based on facts with clear, concrete wording to elicit 
correct behavior. In student semiotic analysis, impact of visual and verbal 
signs on the student is explored. In instructional application to effectively 
take advantage of semiotics, one must alter one’s thinking to push the bounds 
of one’s own rationality. The goal as related to signs and processing is to 
produce a correct outcome based on the interpretations and understanding of 
these interactions. Consistency is required. Whether to train individually or 
in teams must be examined from the perspective of the end product. A 
constructivist learning environment provides consistency in operator 
performance during all operating conditions. (Contains 11 references) (YLB) 
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Abstract 

To advance nuclear plant simulator training from its’ current state to a higher 
state the industry must focus on a more detailed and theoretical approach to 
conduct of this training. The current training system development model is 
inadequate to support training at this new higher state. Through the use of new 
theories and models the training should advance to a new higher level. The use 
of semiotics is just one method of refining the existing training and examining 
ways to diversify and blend the old style training with new theoretical methods. 

Background 

Early in the 1980s after the tragic events at Three Mile Island, an industry 
watchdog group was formed and incorporated as The Institute for Nuclear Power 
Operations, heretofore known as INPO. The charter for this organization was to 
provide oversight and assistance to the nuclear industry and drive the industry to 
top-quartile safety status. One of the functions of INPO was to accredit each 
nuclear station’s training program. As a basis for this accreditation they used as 
a foundation the Systematic Approach to Training; specifically the Analysis, 
Design, Development, Implementation and Evaluation (ADDIE) model (INPO, 
1993). This model was used by the military and proved to be a successful 
platform for the initial accreditations and renewals. 

As the industry has aged, INPO has shifted from an organization that 
ensures each and every facet of the guidelines are met to one that verifies that 
the training organization is driving the performance of plant staff to a high level of 
flawless performance. Therefore, a change in the methodology of training is 
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necessitated. No longer will following the ADDIE process-to-the-letter training 
method work; although, not to say it will be discontinued, but the shift will be to 
develop the training from a performance basis using human performance reviews 
as a basis for the selection of training topics. The two processes should 
complement each other and ensure a better product in the end. 

Introduction 

The use of a simulator can greatly enhance the skills of an operator. To properly 
prepare each operator for their job, all facets of the environment must be 
examined, including the instructor interface. This paper will explore what 
semiotics concerns, how it applies to the simulator environment, the training 
methodology, the instructor, student and instructional implications. 

Simulator Training Methodology 

To effectively implement any training program, the instructor/developer 
must understand the environment of the trainee. The environment at a nuclear 
plant is one of high stress, potentially long hours and sometimes confusing 
information, both technical and non-technical. Operators are trained using a 
highly advanced simulator capable to simulating real-time events with near 
perfect feedback that is output to the panels. 

Operators are trained on all procedures and processes, and are even 
trained in dealing with other team members in a team training format to discover 
their own strengths and weaknesses, as well as the other team member’s 
strengths and weaknesses. 
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A clossr look at how samiotics is involvad in tha trainaa can potantially 
ravaal a waaknass in a crawmambar that may hava baan unsaan up to this point. 
Now a raviaw of samiotics and its’ meaning to us. 

What is Semiotics? 

Samiotics is the study of signs and the interpretation thereof. Semiotics 
consists of 3 parts, the sign or representamen, the semiotic object, and the 
interpretant, represented by figure 1 below. (Merrell, 2003) 



Representamen 




Figure 1 - Semiotic Triad 

The representamen is the actual or real object; the semiotic object is as near as 
possible perception of what the sign is, while the interpretant is the meaning of 
the sign. Signs can be indexical, or related through similarity. They could be 
iconic, which means they are related through actual or imagined connection or 
they could be symbolic, related by language. Signs also can be non-verbal or 
verbal. The developer of semiotics is C.S. Pierce, who believed that as we make 
sense of signs, and cast aside our doubt, and we fix our beliefs is the function of 
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cognition as samiosis. Tha mathods by which wa infar thasa baliafs are 
abduction, induction, and deduction (Cunningham, 2002). 

No attempt to completely explain the science of semiotics will be included. In 
researching the topic, documents numbering in the hundreds were discovered 
that attempt to explain this topic. The study of signs and how humans interpret 
them is known as semiotics. A closer examination semiotics and an analysis of 
instructors and students are discussed next. 

Semiotic Analysis 

An advantage of a semiotic analysis is that it can be a basis for the 
integration of knowledge, thoughts and emotions (Driscoll, 2002). On any given 
day in a nuclear plant environment, stressful situations occur they require the use 
of knowledge, meta-cognition and display of emotions. The analysis of the 
trainee can prove to be invaluable when developing training, so the instructor can 
know how the trainee may interpret the signs in their environment. 

Another advantage of semiotic analysis is that it analyzes how the 
instructor interacts with their student. It also analyzes the language they use 
which can also affect outcome, both verbally and non-verbally. The advantages 
of semiotic analysis are the observation of potential communication error traps 
and potential problem areas for instruction and evaluation that can be 
accommodated in the course design. 

The first analysis is of the instructor and then the student. 
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Instructor Semiotic Analysis 

In the instructor semiotic analysis the two most critical areas are 
examined, verbal, non-verbal feedback and verbal signs. In simulator training, 
the impact the instructor has can be seen in the students as a change in 
behavior. This behavior is usually based on a specific verbal feedback from an 
instructor after students have performed an operation, or task, or by non-verbal 
feedback during performance of the task. The most basic behavior changes are 
seen by an instructor during the performance of a task when students, when 
some, not all students, often referred to by instructors as “watchers," will perform 
a task or manipulate a component and then observe the instructor for non-verbal 
feedback. This feedback may be a grin, smile, and turning of the head or frown 
from the instructor, while waiting for more non-verbal feedback from the 
instructor. In this case, the student is undergoing the semiotic act of induction 
(Cunningham, 2002). This behavior or semiosis is apparently unknown to both 
parties. During interviews with both the instructor and student, both admitted to 
not even realizing that they were providing these non-verbal actions, or modifying 
their behavior based on the feedback. Thus, to maintain the learning as student- 
centered and self-taught the instructor must be conscious that they may be 
providing non-verbal clues. In all cases, they must never intentionally provide 
these clues. 

As instructors, we must attempt to eliminate any non-verbal feedback, 
since at the moment of execution in the plant that feedback will not be present. If 
the individual’s supervisor provides the same or similar non-verbal feedback, the 
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©rnploy©© may modify th©ir b©havior bas©d on th© sam©. This could caus© an 
adv©rs© outcom© if th© non-v©rbal clu©s had diff©r©nt maaning in the instructor 
and supervisor. 

The other area affecting the instructor is a verbal sign. In choosing his 
words to focus student behavior the instructor must choose their words carefully. 

In the very subjective world of simulator training the choice of words can alter 
behavior dramatically. A student may perform a task and the instructor critiques 
this behavior as “too slow”. The next time the student performs this action the 
outcome may be “too fast.” When critiquing student behavior it is important to 
use wording that is as generic in nature as possible, so not to have the student 
abduct meaning to the words and overcorrect the behavior. To replace this 
wording, the instructor should choose to characterize the behavior based on facts 
with clear concrete wording to elicit the correct behavior. We have explored the 
instructor, now we will explore the student. 

Student Semiotic Analysis 

In this section the impact of visual and verbal signs is explored and how 
the student is affected by these signs. The students in the simulator have many 
opportunities to be placed in situations that where they construct their knowledge 
through cognition of signs. They range from reading meters, pushbuttons, 
annunciators, wording on labels, and interactions with various personnel all 
throughout their time as a students. 

One of the largest juxtapositions students have to undergo is the shift from 
the color red meaning “stop” to meaning “start” in a power plant; the opposite is 
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the color green, meaning “go,” while in a powerhouse it means, “stop”. Red and 
green also mean open and closed, respectively. To the first time students this 
can be a challenge to learn. In the language of semiosis this cognitive action is 
tacit, in that the information is stored in the mind with other information relating to 
the powerhouse, and thus when immersed in the environment of the work 
location, the knowledge relating red to start and green to stop is automatic and 
requires no other prompting. This ability to juxtapose this information is given by 
the student learning the information in a social constructivist environment and 
then socially reconstructing the information in the same environment (ERIC 
Digest, 1998). 

From a symbolic or spoken perspective, the use of words such as rapidly, 
stable, rising, and uncontrolled all have meaning that relates to specific 
situations. In many cases, students struggle with these words when relating 
them to operating conditions and deducing hypothesis as to the nature of the 
failure or event. A given indication lowering at five psig/min is rapid to one 
individual, while to another it is slowly lowering. Students have their own 
interpretation of this sign. The process is also iterative, in that as the situation 
develops, the students may alter their belief based on additional input from the 
sign. This is the effect of an on-going semiosis. In most cases, these effects are 
non-linear and require us to focus on these ever-changing signs. (Pierce, 1878) 

Vygotsky, (Minick, 1987) argued that our higher mental functions are 
semiotically mediated; Cole and Wertsch (2003) reinforced this argument and 
maintained that these functions are also culturally mediated and we use prior 
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matsrial, and practicas to craata an outcorna. With various factors affacting 
davalopmant of an intarpratation, ona can construa tha difficulty whan additional 
dissonanca is introducad by tha usa of vagua words. To concluda our raviaw of 
samiotic analysis wa will axamina how to apply tha information wa hava 
gatharad. 

Instructional Application 

If wa ara to braak tha paradigm that all training must ba pradatarminad and 
outcomas aasily maasurad, than suraly wa ara bound to produca tha sama typas 
of oparators wa hava producad in tha past. To affactivaly taka advantaga of tha 
scianca of samiotics, than wa must altar our thinking to push tha bounds of our 
own rationality. 

To do this wa must attampt to answar tha quastions; 

1 . What is tha goal as ralatad to signs and procassing tharaof? 

2. Must wa ba consistant from oparator to oparator? 

3. Do wa train aach oparator individually or in taams? 

4. How might a constructivist-laaming anvironmant assist tha laarnar, 
and what might tha anvironmant ba? 

Tha first quastion to answar is what is tha goal as ralatad to signs and 
procassing? To answar this quastion wa must rafar back to what tha oparator 
ancountars on a daily basis in tha simulator and job anvironmant. Tha ranga is 
from matars, changing, lights illuminating, conversations and interactions with 
their peers and supervisors. All of these produce an outcome for any situation 
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that occurs. The goal, then, must be to produce a correct outcome based on the 
interpretations and understanding of these interactions. 

The second question to answer regards consistency, an answer that is 
really mandated by procedures, processes and managerial expectations of the 
organization. Therefore, the answer to requiring consistency is a resounding, 
yes. To effectively combat any situation the operator is presented with, it is 
warranted that the organization produce consistent responses from all operators. 
The question to be answered then, is it possible to attain consistency across all 
of the operators? Based on semiotics and constructivist environments, it 
appears that complete and total consistency is not possible (Williams, 2001 ). All 
individuals process and report information differently based on their prior 
approach to the information. 

The third question of whether we train individually or in teams must be 
examined from a terminal perspective; what is the end product for which we 
expect from each particular training module? Each module or unit of training has 
a different outcome expected. Currently, we have classroom training in small 
groups and simulator training in small groups no larger than six people. The 
group consists of a manager, supervisor, technical advisor, and three operators. 
During any given training session, the group works together to combat various 
events presented to them. As a team, they formulate a plan of action and 
determine the eventual end state of the plant. During this process they use 
established procedures and processes to reach this end. 
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An additional facet of working as a team is enculturating the team 
members. This is a form of constructivist learning in that the team members must 
listen and process the subtle vagaries of their particular crew and then practice 
with them to learn their crew’s culture. The individual, to form a change in 
behavior to fit in the culture, pieces the building blocks of the culture together 
such as the language, behavior, and attitudes. 

The fourth question, how might a constructivist-learning environment 
assist the learner and what might that environment be? I believe that a potential 
future instructional method may be to separate the group and place the 
individuals in separate training areas. The simulator can then have an event 
entered and the group brought in individually and asked a series of questions. 
The questions would run the gambit from what event is occurring, at what rate is 
pressure dropping, at what rate is temperature falling, is pressure stable. Once 
the group has provided the answers to the questions, then they would be 
reunited and then the answers shared with the group and each asked to explain 
how they arrived at the answer. In this method, they could share their thoughts 
and ideas about how they reached their conclusion. In this fashion it is taking 
advantage of semiotics and constructivism, since when together they create the 
meaning for the situation and validate each other’s interactions. In the end this 
may help to achieve some consistency in response. 

Although this method would not be used for all sessions, it could be used 
for some classes to facilitate a better understanding of each other’s positions. 
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The primary method still must be team training; since, this indeed, is the terminal 
result, the group must work together as a team in the plant. 

Another potential method may be to allow the students to swap roles, 
thereby promoting learning from a different perspective and viewpoint. Once the 
roles were swapped and the students were again allowed to problem solve 
together and interact, they could critique themselves and discuss how their 
interaction together either supported or hampered each other’s role. With this 
swap in roles the students could analyze a situation from several different 
perspectives. 

From a constructivist viewpoint the placing the students together and 
allowing them to ask questions, problem solve, create new meaning and interact 
is an idea supported by Sharan (1985) and in his terms is called Group 
Investigation Method. It is how learning takes place in a constructivist world. So 
with this in mind, allowing the students to work independently and in teams 
should truly promote learning. 

John Dewey and Jean Piaget also agreed that from a traditional education 
perspective that what a student heard was not necessarily what the teacher said. 
(Piaget, 1941, 1995) This would certainly seem to support the semioticist’s point 
of view. 

Summary 

This paper was a review of how through the use of semiotic analysis of the 
instructor, the student, and the demands from the organization for consistency in 
operator performance training, could be developed using a constructivist 
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approach to provide this consistency in operator performance during all operating 
conditions. 

Future demands of simulator training will be different approaches for each 
individual. What is blue to one, is teal to another. To ensure uniformity and 
consistency, each student must be allowed to develop the interpretation and then 
guided to the correct answer through group interaction. By allowing the group 
interaction and discussion, the knowledge can be deeply embedded and used 
more effectively when required. The only issue the instructor will need to 
continue to focus on is that the students are attaining the required knowledge 
and skills required for the job. Not every student may enjoy group interaction and 
problem solving and some may require this one on one coaching in more detail 
than may now be provided. 



i5 

o 

ERIC 



12 of 13 



References 



1 . Cunningham. Donald. (2002). Cognition as Semiosis: The Role of 

Inference (On-Line). Available; 

http://www. indiana.edu/~educp550/theory.html 

2. Driscoll, Marcy. (2002). Facilitating Learning-Ce ntered Instructional 

Design: A Semiotic Perspective . Available: 
it.coe.uQa.edu/itforum/paper3/paper3.html 

3. Ahrtfli-Haqq, I /1998V Constructivism in Teacher Ed ucation: 

Consideration for Those Who Would Link The ory to Practice. 
Washington, D.C.: ERIC Clearinghouse on Teaching and 
Teaching Education (ERIC No. ED426986) 

4. INPO. (1993). Principles of Training System Development Atlanta 

GA: Institute of Nuclear Power Operations 

5. Merrell, Floyd. (1/20/2003). This Is Semiotics (On-Line). Available: 

http://flmc.fll.Purdue.edu/semiotics/index.html 

6. Minick, N (1987) Introduction to L.S. Vygotsky . 1987 

7. Piaqpt .1 /1941 199.51 Essav on the theory of Qualitative values in 

static sociology . In J. Piaget (Ed.), Sociological Studies pp. 
97-1 33. New York: Routledge. (Original work published in 
1941) 

8. Pierce, Charles. (1878). How to Make our Ideas Clear . 

Available: http://www.pierce.orQ/writings/p1 1 9.html 

9. Sharan, S. (1985). Cooperative Learning effects on ethic relations 

and achievement in Israeli junior high school classrooms . In 
R. Slavin (Ed.), Learning to Cooperate, Cooperating to Learn 
(pp.31 3-344). New York: Plenum Press 

10. Cole, M and Wertsch, J (2003) Bevond the Individual-Social 

Antimony in Discussions of Piaget and Vygotsky . Available: 
http://www.massev.c.nz/~alock//virtual/colevyg.htm 

11. Williams, P. (2001). State of Salem Simulator Training . 




16 

13 of 13 







U.S. Department of Education 

Oftice of Educational Rasaarch and Improvement (OERI) 
National Ubraiy of Education (NLE) 

Educational Resources Information Center (ERIC) 

REPRODUCTION RELEASE 

(Specific Document) 




1. DOCUMENT IDENTIFICATION: 

Title: 

V<rs 






Aiithorfs): tJ / 








Corporate Source: 


Publication Date: 

3/ 3y/b^ 





II. REPRODUCTION RELEASE: 

rn ontef to disseminatB as widely as possWe tmely aiKl tignMcam materiab of interest to the educational coftimuni^f^doc^^ 
monthly rtbstiact journal of the ETOC system, Resoorws 01 fifcicaltoo (RIE). aie iBually made avaBable to iiseis inr^^ 

andetoctronic nwdK^and sold ttwough the ERIC Document Reproductioo Seivioe (EDRS). Credit s given to the source of each document and. (f 
reproduction release is granted, one of the following notioes is affixed to the document 

W pemfosion is granted to reproAioe and rfisseminate the aenBBed document please CHECK ONE of the folowing three opdons and sign at the bottom 

of the page. 



TIM ompto attcker itioM) b«lMf wfl be 
M ftBWH peiljMMlIdOC U nMBt i 



TIm nnvto MMiMr ihown bMaw wa be 
«Wx»dlPbiL«wl2A<lecMBMntt 



PERMISSION TO REPRODUCE AND 
DISSEMINATE THIS MATERIAL HAS 
BEEN GRANTED BY 












TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC) 



LevMI 



PERMISSION TO REPRODUCE AND 
DISSEMINATE THIS MATERIAL IN 
MICROFICHE, AND IN ELECTRONIC MEDIA 
FOR ERIC COLLECTION SUBSCRIBERS ONLY. 
HAS BEEN GRANTED BY 



<b^- 









TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC) 



2A 



& 



Level 2A 

□ 



Check IM» for teiMl 1 ralem. pemAbno rapRiduclion 
■M dieevniMlm in akoniiGhe or olMrEraC mcNmI 
iTMcfla (04^, Nec h o n i c) enrf paper cow. 



ClMck hen for Lo¥N 2A relMMt pem«flng npfodudlon 
MMfdhMonii na ionin n iicroicheendinele^onicinetle 
far ERIC erchlMl OQleciion eubecrfbere only 



The sampfa flicker Nwmm below be 
fM— «* toePiewel2Bdee u ment f 



PERMISSION TO REPRODUCE AND 
DISSEMINATE THIS MATERIAL IN 
MICROFICHE ONLY HAS BEEN GRANTED BY 



-#■ 



TO THE EDUCATIOHAt RESOURCES 
INFORMATION CENTER (ERIC) 



2B 



LtvM2B 



□ 



Check here far Level 2B mease. pernminB 
lep r ofkiebon end disf w n faefc n in in i cr eidie only 



DociRwnfa wR be pneeeeed as Mated proMdod npnfaMtton qvaey permits. 
lfpern iss ionfan|k«luwl*B""Nd.bmneboaiisdiecfcBd.deamiinteeflbeptWMsedBtLevei1. 



f /rerehy^to foe ataatoiaf Resofwsfofofiiwtion Cer<Br(etfC; norie*(A*sh«pefmissfan to repro^ 

as indicatad abtMe. Rapmducddh fmm ttie £mc m'KndKhe or alactmidc maOa by persons otim- than ERIC emplo)^ and its systm 

andractoisieqiamspanrisskxtliromthecopy^ Exoepbanianunleknnaninamproduction by Sbranes and other service agencres 

to satisfy MomMpa needs of educators miBsponse to disciBtBinq^ 






OrQteezattonMdaass: 




FAX: 


E-l^ Address: 





Sign 
here,-* 
please 



O 

ERIC 




III. DOCUMENT AVAILABILITY INFORMATION (FROM NON-ERIC SOURCE): 

If permission to reproduce is not granted to ERIC, or, If you wish ERIC to cite the availability of the document from another source, please 
provide the following information regarding the availability of the document. (ERIC will not announce a do^ment unless it Is publicly 
available, and a dependable source can be specified. Contributors should also be aware that ERIC selection criteria are significantly more 
stringent for documents that cannot be made available through EDRS.) 



Publisher/Distributor: 



Address: 



Price: 



IV. REFERRAL OF ERIC TO COPYRIGHT/REPRODUCTION RIGHTS HOLDER: 

if the right to grant this reproduction release is held by someone other than the addressee, please provide the appropriate name and 
address: 




V. WHERE TO SEND THIS FORM: 



Send this form to the following ERIC Clearinghouse: 

Acquisitions Coordinator 
ERIC/ACVE 



1900 Kenny Road 
Columbus, OH 43210-1090 



However, if solicited by the ERIC Facility, or tf making an unsolicited contribution to ERIC, return this form (and the document being 
contributed) to: 

ERIC Processing and Reference Facility 
1100 West street, 2^ Floor 
Laurel, Maryland 20707-3598 

Telephone: 301-497-4080 
Toil Free: 800-799-3742 
FAX: 301-953-02S3 
e-mail: ertcfac®lneted.gov 
WWW: http://ericfac.plccard.c8c.com 



EFF-088 (Rev. 9/97) 

PREVIOUS VFR.SIOMS OPTMIq phdm adp nooru crrc 



